Background. The association between tumour-infiltrating immune cells and the prognosis of endometrial cancer (EC) is controversial due to the smaller sample sizes and limited statistical power of the extant studies. We carried out a meta-analysis of the relationship between tumour-infiltrating immune cells and EC survival outcomes. Methods. A literature search in multiple databases was carried out up to December 2019. Pooled hazard ratio (HRs) and 95% confidence intervals (CIs) were calculated by the Z-test to assess the association between infiltrating immune cells and overall survival (OS), progression-free survival (PFS), relapse-free survival (RFS), disease-specific survival (DSS), and disease-free survival (DFS). A subgroup analysis was performed based on the localisation of immune cells in tumour parenchyma or stroma, immune markers, and the International Federation of Gynecology and Obstetrics stage. Heterogeneity and publication bias between studies were evaluated by Cochran's Q-test and Egger regression test, respectively. Results. Seventeen studies were included in the analysis. The pooled HR of OS, PFS, DSS, and DFS indicated that a high CD8 + T cell density was associated with a favorable prognosis in EC patients. A significant relationship was found between a high density of CD45RO + T cells and a favorable OS in EC patients, but the FoxP3 + T cell density was not associated with either OS or RFS. A high TAM density was associated with a worse PFS. However, a sensitivity analysis indicated that the findings of PFS and DSS in CD8 + T cell and PFS in TAM were not robust results. Conclusion. This is the first meta-analysis of the relationship between tumour-infiltrating immune cells and the prognosis of EC. High CD8 + and CD45RO + T cell densities in tumours were associated with favorable outcomes in EC patients.
Introduction
Endometrial cancer (EC) is a gynaecologic malignancy and the sixth leading cause of death in females; the prevalence of EC is increasing worldwide [1] . Despite treatment, such as surgical resection, chemotherapy, and/or radiotherapy, the survival rate of EC is low due to its propensity to proliferate and metastasize. Immunotherapy is effective for EC, and immune cells, which infiltrate in the tumour microenvironment, play important roles in tumour progression and metastasis [2] .
The tumour microenvironment comprises diverse types of immune cells, including dendritic cells (DCs), natural killer (NK) cells, mast cells, macrophages of the innate immune system, and lymphocytes of the adaptive immune system [3] . Each immune cell has a different effect on tumour progression. Some immune cells participate in antitumour immunity and tumour surveillance, whereas others moderate the inflammatory response and promote angiogenesis and tissue remodelling, accelerating tumour growth. CD8 + T cells recognise tumour antigens and differentiate into cytotoxic T lymphocytes, which attack and kill tumour cells. EC with a high intraepithelial CD8 + T cell density has also been reported to have more favorable outcomes. Similarly, a high density of DCs, which perform antigen presentation and may activate tumour antigen-specific T lymphocytes, and CD45RO + T cells, a type of memory T-lymphocyte that recognises tumour antigens, are also associated with enhanced survival of patients with EC. Tumour-associated macrophages (TAMs) release a series of proangiogenic factors and cytokines, promoting tumour invasion, growth, metastasis, and angiogenesis. A high density of TAMs or FoxP3 regulatory T cells is thought to be associated with an unfavorable EC prognosis.
Prior studies have yielded inconsistent results for the impact of immune cells on EC outcomes due to small sample sizes or the use of different prognostic indices. For example, some studies have found that patients with a high CD68 + TAM density had worse relapse-free survival (RFS) or overall survival (OS) than those with a low TAM density [4, 5] , and others have shown that a high CD163 + TAM density was associated only with RFS [6] or was not associated with the survival outcomes of EC patients [7, 8] .
We conducted a meta-analysis of the effects of infiltrating immune cells on the prognosis of EC. Moreover, we carried out subgroup analyses according to immune cell localisation, immune markers, and the International Federation of Gynecology and Obstetrics (FIGO) [9] stage to identify sources of variation.
Materials and Methods

Search Strategy and Inclusion
Criteria. The meta-analysis was designed and implemented according to the recommendations of the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) statement [10, 11] (PRISMA 2009 checklist is shown in Supplementary Materials (available here)). We conducted a literature search in the PubMed, EMBASE, Scopus, and Cochrane databases using the following keywords: "endometrial neoplasms or endometrial cancer or endometrial carcinoma or endometrial tumour" and "immune cell" or with either "tumourassociated macrophages or TAMs or tumour-infiltrating macrophages or intratumoural macrophages," "mast cell," "dendritic cell," "NK cell or natural killer cell," "lymphocyte or tumour-infiltrating lymphocytes or regulatory T cell or CD3 + T cell or CD4 + T cell or CD8 + T cell or FoxP3 + T cell or CD57 T cell or CD45RO + T cell," and "B cell." The final search was performed on December 13, 2019. The references of the retrieved studies were also searched. Only articles written in English were included. The inclusion criteria were as follows: (1) studies of the correlation between tumourinfiltrating immune cells and EC survival outcomes, (2) the detecting method which was immunohistochemistry, and (3) hazard ratios (HRs) and 95% confidence intervals (CIs) which were provided or could be reconstructed.
Data Extraction and Quality Assessment.
Two researchers reviewed eligible studies independently, and all researchers resolved disagreements by discussion. Extracted data included the first author's surname, year of publication, ethnicity of the subjects, number of samples, age of the subjects, immune cell types, follow-up duration, TNM stage, threshold of immune-cell density, localisation of immune cells in tumour tissue, and HRs of survival outcomes. The survival outcomes were OS, progression-free survival (PFS), RFS, disease-specific survival (DSS), and disease-free survival (DFS). OS was calculated from the date of surgery to that of death or the final follow-up. PFS was calculated from the date of surgery to that of progression, recurrence, death, or the final follow-up. RFS was calculated from the date of surgery to that of recurrence or the final follow-up. Patients were considered relapse free if they died of other diseases and there was no evidence of EC relapse. DSS was calculated from the date of diagnosis to that of death due to EC or metastasis, or the final follow-up. DFS was calculated from the date of diagnosis to that of recurrence date or death due to EC.
Two authors independently evaluated the quality of eligible studies using the Newcastle-Ottawa Scale (NOS) [12] , and all researchers resolved disagreements by discussion. The standard for evaluation was based on patient selection, comparability, and outcomes.
2.3. Statistical Analysis. STATA software was used for statistical analysis (ver. 12.0, Stata Corp, College Station, TX, USA). The HRs (95% CI) were extracted directly from eligible studies. Engauge Digitizer software was used to reconstruct the HR and 95% CI from studies that provided only Kaplan-Meier survival curves [13, 14] . Because multivariate analysis was deemed more powerful than univariate analysis [15] , multivariate analysis data were used if both univariate and multivariate analyses were performed. In addition, several studies calculated the HR and 95% CI using different references. We specified one uniform reference (low cell density) and recalculated the HR and 95% CI of any nonuniform studies. The pooled HR and 95% CI were calculated to evaluate the relationship of immune cells with the prognosis of EC. A pooled HR of <1 (no overlapping 95% CI) was considered to indicate a good prognosis. We used a random effects rather than a fixed effects model because the former takes into account heterogeneity between studies [16] . Heterogeneity between studies was assessed by Cochran's Q -test and was visualised using forest plots. Additionally, we performed subgroup analyses when there were at least two studies or two groups included according to immune markers, the localisation of immune cells in tumour tissue, and the FIGO stage. The localisation of immune cells was classified as follows: (a) tumour nest, cells infiltrating the tumour nest or closely connected to tumour cell; (b) tumour hotspot, cells located in the center of the necrotic area; (c) tumour stroma, cells infiltrating the tumour stroma; and (d) tumour margin, cells infiltrating the invasive margin [17] . Immune cells infiltrating tumour nests or hotspots were regarded as intraepithelial immune cells, and those in the tumour stroma or margin were considered stromal immune cells [18] . We performed a sensitivity analysis by removing each study in sequence and calculated the stability of the pooled HRs of the remaining studies. The Egger regression test was conducted to examine potential publication bias.
Results
Literature Search and Characteristics of Eligible Studies.
We retrieved 2,919 articles, of which 17 [4] [5] [6] [7] [8] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] were ultimately included in the meta-analysis. One immune cell type will be analysed when there were at least two studies that reported the same prognostic index. Studies are all shown in Table 1 , but data of the studies of the same populations were only extracted once. Figure 1 shows the process of study selection. The NOS scores of all eligible studies were >5. 
Disease Markers
The characteristics, HRs, and 95% CIs of the study are shown in Table 1 and Table S1 . Figure S1 ). We obtained a similar result for PFS (a study by Ino et al. [18] Figure 3 (a) and Figure S2 ). No subgroup analysis according to the FIGO stage was conducted because all the included studies did not report the detailed stages of participants.
For CD45RO + T cells, two studies involving three groups of 478 patients were evaluated for the association between CD45RO + T cell density and OS. A significant relationship was found between a high density of CD45RO + T cells and a favorable prognosis (HR 0.415, 95% CI 0.241-0.714, p = 0:001; Table 2, Figure 3(b) ). Intraepithelial or stromal tumour-infiltrating CD45RO + T cells were associated with a favorable prognosis in EC patients (p = 0:012 and 0.031, Table 3 , Figure S3 ). No subgroup analysis according to the FIGO stage was conducted because all the included studies did not report the detailed stages of participants. Figure 4 and Figure S4 ).
Ohno et al. [17] provided four Kaplan-Meier curves for RFS according to histological localisation of TAM [17] Table S1 ). A significant relationship between a high tumour-infiltrating TAM density and poor PFS was found for two of the four pooled HRs (HR-c 3.423, 95% CI 1.289-9.094, p = 0:014; HR-e 2.369, 95% CI 1.003-5.598, p = 0:049; Table 2 and Figure 4 ). The subgroup analysis according to immune markers showed that only the density of CD163 + TAMs was significantly associated with a worse PFS (HR 8.310, 95% CI 1.030-67.300, p = 0:035; Table 3, Figure S4 ). No subgroup analysis according to the FIGO stage was conducted because all the included studies did not report the detailed stages of participants.
Publication Bias and Sensitivity Analyses.
There was no obvious publication bias. A sensitivity analysis showed that the pooled HRs were robust, with the exception of the association of CD8 + T cells with PFS and DFS and of TAMs with RFS ( Figure S5-S6 ).
Discussion
To our knowledge, this is the first meta-analysis of the relationship of tumour-infiltrating immune cells with the prognosis of EC. A high CD8 + and CD45RO + T cell density in tumours was associated with favorable outcomes in EC patients. A high TAM density was associated with a worse outcome of EC, but a sensitivity analysis showed that this result was not robust.
It has been reported that advanced EC patients have been potentially eligible for immunotherapy testing in over 50 clinical trials [1] . PD-L1 is an immune checkpoint in EC that blocks the activation of T cells [29] . CD8 + T cells are activated by tumour antigens presented by MHC class I molecules, and exert direct cytotoxic and antitumour effects in the tumour microenvironment. Several clinical studies have shown that a high density of CD8 + T cells was correlated with longer survival [19, 20, 24, 25] , but other studies have found [18, [21] [22] [23] . In the present meta-analysis, the pooled HRs of the ten included studies indicated significant associations between a high CD8 + T cell density and the OS, PFS, DSS, and DFS of EC patients. However, the sensitivity analysis indicated that the PFS and DSS results were 7 Disease Markers find the heterogeneity for only two studies included; the conclusion requires further confirmation.
We also analysed CD45RO + T cells, a type of memory T lymphocyte. These T cells are generated upon antigen recognition by the immune system and can survive for months to years thereafter. They are critical for maintaining host defence. CD45RO + T cells are reportedly associated with improved outcomes of several tumours [30] [31] [32] . The two included studies that analysed CD45RO + T cells reported a consistently strong relationship between a high density of CD45RO + T cells and OS. The overall HR in this metaanalysis supported this finding, which is also in accordance with the function of memory T cells. Further cohort studies of the impact of CD45RO + T cells on the survival outcomes of EC patients are needed.
The role of regulatory T cells (Tregs) in EC is unclear. This regulatory subset of lymphocytes suppresses the proliferation of effector T cells and cytokine secretion and enables the escape of malignant cells from immunological surveillance. FoxP3 is a marker of Tregs, and a large number of FoxP3 + Tregs are related to a poor prognosis of multiple types of tumours [33] [34] [35] . In the present meta-analysis, we investigated the relationship of FoxP3 + T cells with OS and RFS, but there were no significant conclusions in the pooled HRs. Actually, the three included studies also failed to find a significant relationship, and in one study [26] , over half of the EC patients showed no 
Disease Markers
and gastric cancer is controversial [36] [37] [38] [39] [40] . TAMs have been reported to be related to both improved and worsened prognoses, possibly due to the different functions of M1 and M2 macrophages and/or the localisation of TAMs. We found no significant correlation between TAMs and OS. In Ohno et al.'s study [17] , only HR-c and HR-e were significantly associated with RFS, whereas HR-f had a trend towards a significant association with RFS. Because there was significant heterogeneity among these studies, subgroup analyses were carried out. Interestingly, only CD163 + TAMs (M2) were significantly associated with RFS. This is in accordance with the role of M2 macrophages in promoting EC development. CD68 + TAMs were not associated with the outcomes of EC. Because both M1 and M2 macrophages are CD68 + TAMs, and each type has an opposite effect on tumours, defining the effects of each of the two kinds of macrophages on RFS is challenging. In addition, the results must be interpreted with caution because only six studies were evaluated. Further clinical research, in which M1 and M2 macrophages are analysed separately, should be conducted. Several studies have focused on CD57 + NK cells [18, 23] and DCs [41, 42] . However, these studies used different outcome indices, which hampered the meta-analysis. More research on these immune cells is thus needed.
This study had several strengths. First, we systematically summarised the results of studies on the associations between immune cells and EC outcomes. Second, we used multivariate analysis data, which are more powerful than univariate analysis data. However, this study also had limitations. First, the data of some studies were incomplete, which may affect the results. Second, the small number of included studies reduced the statistical power. Third, we analysed only four types of immune cells because we were unable to find studies of the associations of other immune cells with the prognosis of EC.
Conclusions
In conclusion, our meta-analysis provides evidence that high CD8 + T cell and high CD45RO + T cell densities in tumour were strongly associated with favorable outcomes in EC patients. Additionally, a high TAM density was associated with a worse outcome in EC patients. Because of the small number of included studies, a further study is needed to confirm our conclusions.
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